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(57) ABSTRACT

A method of supporting a tubular within a bore including the
steps of at least partially expanding a sleeve into contact
with a bore wall to secure the sleeve within the bore, and
engaging a portion of the tubular to be supported with the
sleeve to provide hanging support for the tubular. In one
embodiment, the sleeve 1s expanded by engagement with the
tubular. In another embodiment, the sleeve 1s initially
expanded using a roller expansion tool, with further expan-
sion being achieved by way of engagement of the tubular
with the sleeve.

An apparatus for supporting a tubular within a bore in one
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METHOD AND APPARATUS FOR
SUPPORTING A TUBULAR IN A BORE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of Great Britain patent

application serial number GB 0313664.5, filed Jun. 13,
2003, which 1s herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and apparatus
for supporting a tubular within a bore, and 1n particular, but
not exclusively, to a method and apparatus for supporting
liner tubing within a cased subterranean bore.

2. Description of the Related Art

In the o1l and gas exploration and production industry,
subterrancan bores are drilled from surface to intercept
hydrocarbon bearing formations, which often requires bore
reaches of as much as 6000 to 10000 metres, for example.
In conventional drilling operations, a bore 1s drilled to a
depth of around, for example, 600 metres, when the drill bat
and associated dnll string 1s then removed and a string of
casing run 1n and cemented in place to support and seal the
bore. Drlling 1s then recommenced for a turther 600 metres,
for example, following which a further string of casing is
required to support the bore. However, 1n this case the casing,
1s normally tied back to, and supported from the surface by
the wellhead. This procedure 1s repeated until the bore
reaches or nears the required total depth. Once the final
drilling stage 1s completed the drilling string 1s pulled out of
the hole and the final bore section 1s supported by a liner
casing string which does not extend back to the wellhead,
but 1nstead terminates downhole and 1s supported by the
previous full string of casing. Thus, special liner hangers are
required to allow the liner string to be coupled to and
supported by the previous casing string.

Conventional liner hangers may be initially coupled to the
liner string which 1s run in hole to the required depth using
a setting tool string, and the liner hanger 1s then set in place
within the bore. Typical liner hangers are set in place by
mechanical activation of slips or the like, which are brought
into engagement with the wall of the bore, thus providing
support for the liner.

It 1s among the objects of embodiments of the present
invention to provide an improved method and apparatus for
providing hanging support for a liner.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there
1s provided a method of supporting a tubular within a bore,
said method comprising the steps of:

providing a tubular defining a first support surface;

providing an expandable sleeve adapted to be peripherally

located around said tubular, said expandable sleeve
defining a second support surface;

locating said tubular and expandable sleeve within a bore;

expanding at least a portion of said sleeve into engage-
ment with the bore; and
at least partially supporting the tubular by way of engage-
ment of the first and second support surfaces.
It should be understood that the expandable sleeve may be
mitially located within the bore and at least partially
expanded 1n place before the tubular 1s located within the
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bore. Alternatively, the expandable sleeve and the tubular
may be located within the bore simultaneously.

It should also be understood that the sleeve 1s expanded
into engagement with a bore wall.

In one embodiment of the present invention, at least a
portion of the sleeve may be mitially expanded 1nto engage-
ment with the wall surface of the bore 1n which the tubular
1s to be supported by an expansion tool such as a roller
expansion tool or an expansion cone or mandrel or the like.
In this case the expandable sleeve may be run into the bore
on the expansion tool, and at least partially expanded into
contact with the bore wall using the expansion tool to
provide 1mtial hanging support at the required depth. Sub-
sequently, the tubular may be run into the bore until the first
support surface of the tubular engages the second support
surface of the sleeve, at which stage weight may be applied
to the tubular resulting in further expansion of the sleeve by
interaction of the first and second support surfaces, thus
providing additional gripping force between the sleeve and
the bore wall to support the weight of the tubular. In this
regard, the first support surface of the tubular may act as a
swage and expands the sleeve by a swage expansion.

Advantageously, where expansion 1s achieved using a
roller expansion tool, the expandable sleeve undergoes cir-
cumierential yield causing the wall thickness of the sleeve to
be reduced.

In an alternative embodiment of the present invention, the
method may 1involve the 1nmitial step of locating the expand-
able sleeve peripherally around the tubular in the region of
the first support surface. Preferably, the sleeve 1s initially
located below the first support surface of the tubular. Con-
veniently, the following step may involve running the tubu-
lar and the expandable sleeve into the required bore together
until the expandable sleeve 1s located at the required depth.
Once the required depth 1s achieved, relative axial move-
ment of the tubular and expandable sleeve may be 1nitiated
to cause engagement of the first and second support surfaces,
wherein said engagement results 1n radial expansion of at
least a portion of the sleeve into contact with the wall surface
ol the bore, providing support for the tubular via the first and
second support surfaces. The expansion of the expandable
sleeve 1s thus provided by eflectively forcing the tubular
through the sleeve or alternatively forcing the sleeve over
the tubular. Thus, the first support surface of the tubular may
act as a swage to expand the sleeve by a swage expansion
process.

Preferably, expansion of the sleeve using the first support
surface as a swage expander, for example, 1s achueved by
initially restraining the first support surface from movement
while moving or forcing the expandable sleeve and thus the
second support surface mto engagement with the first sup-
port surface to mitiate expansion of the sleeve. Alternatively,
the expandable sleeve may be held stationary while moving
the first support surface mto engagement with the second
support surface of the sleeve. For example, the sleeve may
be prevented from travelling further into the bore by a no-go
or a profile located on the inner wall surface of the bore,
against which no-go or profile the sleeve abuts when run 1n
hole. Alternatively, the sleeve may be held stationary by
fixing means associated with the tubular such that the sleeve
may be expanded into contact with the bore wall at any
required depth.

Advantageously, relative movement of the expandable
sleeve and the tubular may be achieved by an actuation
assembly such as a piston assembly activated by fluid
pressure. Alternatively, relative movement may be achieved
by a mechanical actuation assembly such as a screw assem-
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bly, or by any other suitable actuation assembly. The actua-
tion assembly may be, for example, located below the
expandable sleeve and activated to force or push the sleeve
towards the first support surface. Alternatively, the actuation
assembly may be located above the expandable sleeve and
the first support surface of the tubular and activated to force
or pull the sleeve towards the first support surface. In this
preferred embodiment, the at least one actuation assembly
may be coupled to the expandable sleeve by at least one
strap or other fixed coupling such as a shear pin or a bolt or

the like.

Conveniently, where the actuation assembly 1s located
above the first support surface and 1s coupled to the expand-
able sleeve by at least one strap, as noted above, said {first
support surface includes at least one respective channel or
recess to accommodate said at least one strap. Thus, the at
least one channel or recess will substantially reduce or
climinate any interference by the first support surface.

In a preferred embodiment where the expandable sleeve 1s
expanded by interaction of the first and second support
members, the method preferably comprises the steps of:

locating the expandable sleeve and tubular within a bore
at the required depth;

restraining said tubular from movement and activating the
actuation assembly to pull the sleeve, and thus the
second support surface, towards the first support sur-
face of the tubular via at least one connecting strap,
thus mitiating radial expansion of the sleeve into
engagement with the bore wall by engagement of the
first and second support surfaces to provide initial
hanging support;

imparting weight on the tubular to 1mitiate further radial
expansion ol the sleeve to increase the grip force
between the sleeve and the bore wall; and

exerting an increasing force on the sleeve by the actuation
assembly to ensure sullicient expansion of the sleeve to
provide support for the tubular via the first and second
support surfaces.

Preferably, the method further involves inducing tensile
tailure of the at least one strap to ensure suilicient expansion
has been achieved. Thus, the actuation assembly 1s prefer-
ably adapted to exert a force at least equivalent to the tensile
strength of the at least one strap.

Preferably, the first and second support surfaces of the
tubular and sleeve respectively are substantially comple-
mentary 1n shape to allow proper engagement to provide
support for the tubular from the expandable sleeve, and to
allow expansion of the sleeve by the tubular, where required.

Conveniently, the outer diameter described by the first
support surface decreases 1n a direction corresponding to a
downward direction with respect to a bore 1n which the
tubular 1s to be located. Conveniently also, the mner diam-
eter described by the second support surface decreases 1n a
direction corresponding to a downward direction with
respect to a bore 1 which the expandable sleeve 1s to be
located.

Preferably, the first support surface of the tubular defines,
at least partially, an outer frusto-conical surface portion.
Advantageously, the second support surface defines, at least
partially, a complementary inner frusto-conical surface por-
tion adapted to be mated or brought into abutment with the
outer frusto-conical surface portion of the first support
surface upon engagement therewith. Conveniently, where
the first and second support surfaces define complementary
frusto-conical surface portions, the taper of the surface
portions may be less than around 16° from a plane substan-
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tially parallel to the longitudinal axis of the tubular. Prefer-
ably, the taper of the surface portions 1s between 3 to 8°.

Alternatively, the first support surface of the tubular may
define, at least partially, an outer convex surface portion, and
the second support surface may define, at least partially, a
complementary mnner concave portion adapted to be mated
or brought into abutment with the outer convex portion of
the first support member upon engagement therewith. That
1s, the first and second support surfaces may be described by
a radius of curvature such that the second support surface
defines a bowl structure which receives or abuts the comple-
mentary shaped first support surface.

It should be understood, however, that any complemen-
tary shape or configuration of the first and second support
surfaces of the tubular and expandable sleeve respectively
may be utilised.

Advantageously, the expandable sleeve may include a
substantially cylindrical portion, which cylindrical portion
may be adapted to be at least partially expanded into
engagement with a bore wall surface to provide nitial
hanging support before the remainder of the expandable
sleeve 1s expanded 1nto contact with the bore wall. Prefer-
ably, the cylindrical portion 1s located above the second
support surface of the sleeve. Thus, the cylindrical portion,
at least once partially expanded, will allow the tubular and
first support surface to pass therethrough to engage the
second support surface of the sleeve. Alternatively, the
cylindrical portion of the expandable sleeve may be located
below the second support surface.

It should be understood that the term “below” as used
herein generally defines relative positions of various com-
ponents such that a lower component will, 1n use, be located
at a deeper location in the bore. Similarly, 1t should be
understood that the term “above” generally implies that a
component 1s located at a more elevated location 1n the bore.

Advantageously, at least a portion of an outer surface of
the expandable sleeve 1s roughened or otherwise formed or
adapted to increase the iriction and thus grip between the
sleeve and the bore wall. The outer surface of the sleeve may
be textured, profiled or may additionally or alternatively
include hardened or coarse particles embedded therein or
coupled thereto. Such particles may be, for example, carbide
or diamond buttons or the like.

Conveniently, once the expandable sleeve 1s expanded
and set 1n place within the bore, and the first and second
support surfaces are in engagement such that the tubular 1s
supported by the sleeve, suflicient sealing 1s provided
between the outer surface of the sleeve and the bore wall,
and between the first and second support surfaces to prevent
the passage of any fluids, such as cement, past the sleeve
from an annulus formed between the tubular and the bore.
Conveniently, a sealing material may be provided on at least
a portion of the outer surface of the sleeve 1n order to seek
to 1improve sealing between the sleeve and bore wall when
the sleeve 1s expanded. The sealing material may be an
clastomer or any other suitable material which 1s resistant to
degradation 1n a hydrocarbon producing bore environment,
for example. The sealing material by comprise a swelling
clastomer adapted to swell in the presence of a fluid con-
taining, for example water, drilling mud or lubricant or
hydrocarbons.

In one embodiment of the present invention, the first
support surface may be integrally formed with the tubular. In
an alternative embodiment, the first support surface may be
provided on a separate component which i1s subsequently
coupled or fixed to the tubular. For example, the first support
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surface may be provided on a further tubular member which
1s coupled to the tubular by way of a threaded connection or
the like.

The bore i which the tubular 1s to be located and
supported may be lined or unlined. For example, the bore
may be supported and sealed by casing tubulars cemented in
place within the bore such that the expandable sleeve 1s
radially expanded into contact with the inner wall of the
casing.

Preferably, the tubular to be supported within the bore 1s
a string of liner tubing or the like.

Conveniently, once the sleeve has been expanded and the
tubular 1s supported with the bore, the tubular may be lifted
from the sleeve to disengage the first and second support
surfaces, thus creating a flow passage past the sleeve from
an annulus defined between the tubular and the bore wall.
This 1s particularly advantageous in that the flow passage
will allow any fluids contained within the annulus to be
displaced therefrom during a cementing operation or the
like. Additionally, the flow path will allow cement to tlow
past the sleeve 1n an up-hole direction to cement the tubular
within the bore both above and below the sleeve.

Conveniently also, once the sleeve has been expanded and
the tubular 1s supported within the bore, the tubular may be
lifted from the sleeve and rotated to assist circulating and
evenly distributing cement, for example, within the annulus
formed between the tubular and the bore wall during a
cementing operation.

Thus, the engagement between the first and second sup-
port surfaces of the tubular and sleeve respectively 1s
preferably non-permanent.

According to a second aspect of the present invention,
there 1s provided a method of supporting a tubular within a
bore, said method comprising the steps of:

providing a tubular defining an outer support surface;

providing an expandable sleeve defining an 1mnner support

surface;

running said expandable sleeve mnto a bore to a first depth

and expanding at least a portion of said sleeve into
contact with a wall of the bore;

running said tubular into the bore;

engaging the outer support surface of the tubular with the
iner support surface of the expandable sleeve; and

supporting the tubular by engagement of the outer and
inner support surfaces.

Preferably, the method further involves the step of apply-
ing weight to the tubular upon engagement of the outer and
inner support surfaces to eflect further expansion of the
sleeve by interaction of the outer and 1nner support surfaces,
thus providing additional gripping force between the sleeve
and the bore wall to support the weight of the tubular. In this
way, the outer support surface acts as a swage and expands
the sleeve by a swage expansion process.

According to a third aspect of the present invention, there
1s provided a method of supporting a tubular within a bore,
said method comprising the steps of:

providing a tubular having an outer support surface;

locating an expandable sleeve peripherally around a por-

tion of the tubular, said sleeve defining an inner support
surface;

running said tubular and expandable sleeve into a bore;

initiating relative axial movement between the outer and
iner support surfaces of the tubular and the sleeve to

expand at least a portion of the sleeve into engagement
with a wall of the bore by interaction of the outer and

iner support surfaces; and
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supporting the tubular via the outer and inner support
surfaces.

Thus, the outer support surface of the tubular acts as a
swage, which 1n use expands at least a portion of the sleeve
into contact with the wall surface of the bore mn which the
tubular 1s located.

Preferably, the expandable sleeve 1s moved towards the
outer support surface of the tubular while said outer support
surface 1s held stationary. Preferably also, the sleeve 1s
moved 1n an upward direction relative to the bore 1n order to
initiate expansion of the sleeve. It should be understood that
the term “upward™ 1s used herein to define a relative direc-
tion and implies that the sleeve 1s moved 1in an up-hole
direction.

According to a fourth aspect of the present mvention,
there 1s provided a method of supporting a liner within a
cased bore, said method comprising the steps of:

providing a liner defimng a first support surface;

locating an expandable sleeve peripherally located around
said liner, said expandable sleeve defining a second
support surface;

locating said liner and expandable sleeve within a cased
bore;

expanding at least a portion of said sleeve into engage-
ment with a wall of the cased bore; and

supporting the liner by way of engagement of the first and
second support surfaces.

According to a fifth aspect of the present invention, there

1s provided an apparatus for supporting a tubular within a
bore, said apparatus comprising:

a first support portion for coupling to a tubular to be
supported within a bore, said first support portion
including a first support surface;

an expandable second support portion adapted to be
expanded 1nto contact with the bore, said second sup-
port portion including a second support surface;

wherein said first support portion 1s adapted to engage the
second support portion to provide support for the
tubular via the first and second support surfaces.

Preferably, the second support portion 1s adapted to be
peripherally located around the tubular requiring support.
The second support portion may be a sleeve or the like.

In a preferred embodiment of the present invention, the
second support portion 1s adapted to be expanded into
engagement with the bore by an expansion tool such as a
roller expansion tool or a mandrel or a swage or the like.
Alternatively, or additionally, the second support portion
may be adapted to be expanded by interaction of the first and
second support surfaces, wherein relative movement
between the first and second support surfaces results 1n a
swaged expansion of the second support portion.

Advantageously, the first support portion may be 1inte-
grally formed with the tubular. Alternatively, the first sup-
port portion may be separately formed and subsequently
secured to the tubular at the required location.

Preferably, the first support surface defines, at least 1n
part, an outer, substantially frusto-conical surface portion.
Preferably also, the second support surface defines, at least
in part, an inner, substantially complementary frusto-conical
surface portion adapted to be mated with the outer conical
surface portion of the first support surface upon engagement
therewith.

It should be understood that any complementary shape or
configuration of the first and second support surfaces may be
utilised.

Preferably, the tubular to be supported within the bore 1s
a string of liner tubing or the like.
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According to a sixth aspect of the present invention there
1s provided a support for use in supporting a tubular within
a bore, said support comprising an expandable sleeve defin-
ing an inner support surface, wherein said expandable sleeve
1s adapted to be at least partially expanded into contact with
a wall surface of the bore, and the 1mner support surface is
adapted to engage the tubular to provide support therefor.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present invention will now
be described, by way of example only, with reference to the
accompanying drawings, in which:

FIGS. 1 and 2 are diagrammatic representations of steps
in a method of supporting a tubular within a bore, 1n
accordance with one embodiment of the present invention;

FIGS. 3 to 6 are diagrammatic representations of various
steps 1n a method of supporting a tubular within a bore, 1n
accordance with an alternative embodiment of the present
imnvention;

FIG. 7 1s a cross-sectional perspective view of a sleeve
portion used to provide support for a tubular within a bore,
in accordance with an embodiment of the present invention;

FIG. 8 1s a cross-sectional perspective view of a sleeve
portion used to provide support for a tubular within a bore,
in accordance with an alternative embodiment of the present
invention; and

FIG. 9 1s a diagrammatic representation of a preferred
feature of an embodiment of the present invention.

DETAILED DESCRIPTION

Reference 1s first made to FIGS. 1 and 2 of the drawings
in which there are shown separate stages of a method of
supporting or hanging a liner tubing string 10 within a bore
12, 1n accordance with an embodiment of the present inven-
tion. The bore 12 1s a subterrancan well bore and 1s sup-
ported and sealed by a casing string 14 which 1s cemented
in place. Referring mitially to FIG. 1, the liner 10 includes
a conical portion 16 which defines a first support surface
which 1s an outer tapered support surface 18. As shown, the
support surface 18 tapers inwardly in a downhole direction,
that 1s, the outer diameter of the conical portion 16 decreases
in a downhole direction. Located peripherally around the
liner 10 and 1nitially below the conical portion 16, 1s a sleeve
20 which defines a second support surface which 1s an 1nner
conical support surtface 22. The sleeve 1s manufactured from
an expandable material and 1s complementary to the tapered
support surface 18 of the conical portion 16. For clarity, the
sleeve 20 1s shown 1n cross-section.

A piston assembly 24 1s located above the conical portion
16 of the liner and 1s coupled to the sleeve 20 by way of a
plurality (four 1in the embodiment shown) of straps 26. The
conical portion 16 includes a corresponding number of
channels 28 in the outer surface thereof to accommodate the
straps 26. The piston assembly 24 1s actuated by fluid
pressure provided from surface.

The method of operation and use of the various compo-
nents 1dentified above will now be described with reference
to FIGS. 1 and 2. The mitial step imnvolves assembling the
components 1n the manner described above to form a liner
hanger assembly 30, which 1s then run into the bore 12 until
the required depth 1s reached, as shown in FIG. 1. The piston
assembly 24 1s then actuated to pull the sleeve 20 towards
the conical portion 16 via the straps 26, in the direction of
arrow A. Continued actuation of the piston assembly 24 will
cause engagement of the sleeve mmner conical support sur-
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face 22 with the comical portion outer tapered support
surface 18, resulting in radial expansion of the sleeve 20.
The sleeve 20 will thus be expanded into contact with the
inner wall surface 32 of the bore, as shown 1n FIG. 2, to
provide a hanging support for the liner 10. That 1s, once the
sleeve 20 15 expanded mnto contact with the bore wall 32 by
interaction of the outer tapered and inner comical support
surfaces 18, 22, the liner 10 will be supported by the sleeve
through engagement of said support surfaces 18, 22.

In the preferred method of providing hanging support for
the liner 10, the assembly 30 1s located 1n the bore 12 and
the piston assembly 24 1s actuated while restraining the liner
10 (and thus the conical portion 16) from movement, to
initially expand the sleeve 20 into contact with the bore wall
surface 32, thus providing initial hanging support. Subse-
quent to this, weight 1s applied to the liner 10 to force the
conical portion 16 1n a downward direction into the bore 12,
to 1ncrease the expansion force exerted on the sleeve 20 and
thus increasing the grip force produced between the sleeve
20 and the bore wall 32. The piston assembly 24 is con-
tinually actuated to expand the sleeve 20 by interaction with
the conical portion 16 until tensile failure of the straps 26 1s
achieved, as indicated by numeral 34 1n FIG. 2. At this stage,
the sleeve 20 will provide full support for the liner 10 via the
complementary support surfaces 18, 22.

Once the liner 10 1s fully supported by the sleeve 20,
engagement between the sleeve 20 and the bore wall 32, and
the sleeve 20 and the conical portion 16 will provide a fluid
tight seal to prevent the upward flow of any fluids, such as
cement, past the sleeve 20 from an annulus 36 formed
between the casing 14 and the liner 10. To seek to improve
sealing between the sleeve 20 and the bore wall 32, a sealing
clement or material 31 1s provided on a portion of the outer
surtace of the sleeve 20.

An alternative method of providing support for a liner
within a bore will now be described with reference to FIGS.
3 to 6 where an expandable sleeve 40 1s set in place within
a bore 42 to provide hanging support for a liner tubing string
44.

In the embodiment shown, the expandable sleeve 40
includes an upper cylindrical portion 46 and a lower conical
portion 48, and 1s run into the bore 42, supported and sealed
by casing 50, to the required depth. As shown 1n FIG. 3, the
sleeve 40 1s run into the bore 42 on a roller expansion tool
52, such as that described 1n WO 00/3°7766. Upon reaching
the required depth, the roller expansion tool 52 1s activated
to expand the sleeve 40, and 1n particular the cylindrical
portion 46 of the sleeve 40, into contact with the bore wall
surface 54 in order to retain the sleeve within the bore 42,
as shown 1n FIG. 4. Once the entire cylindrical portion 46,
or at least a substantial portion thereof, 1s fully expanded
into contact with the bore wall 54, the roller expansion tool
52 1s removed from the bore and a string of liner tubing 44
1s run 1n, as shown 1n FIG. 5. The liner 44 includes a conical
portion 56 fixed relative thereto and defines an outer tapered
surface 58 which corresponds to an iner tapered surface 60
of the sleeve conical portion 48. Once the conical portion 56
of the liner 10 reaches the depth of the sleeve 40 retained 1n
the bore, engagement of the outer and 1nner tapered surfaces
58, 60 will prevent the liner from travelling further into the
bore.

In order to ensure that the sleeve 40 will support the liner
44, the following step involves expanding the remaining
portion, that 1s, the conical portion 48, of the sleeve 40 1nto
contact with the bore wall surface 34. This 1s achieved by
applying weight to the liner 44 to force the conical portion
56 of the liner through the sleeve 40, thus expanding the
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remaining portion of the sleeve 40 by interaction of the outer
and 1nner tapered portions 58, 60. Thus, the conical portion
56 of the liner 44 acts as a swage expander. In this way, the
entire sleeve 40 will be expanded into contact with the bore
wall 54 and the liner 44 will be supported by the sleeve by
engagement of the outer and 1nner tapered surfaces 38, 60 of
the liner conical portion 56 and the sleeve conical portion 48
respectively, as shown in FIG. 6.

Once the liner 44 1s fully supported by the sleeve 40,
engagement between the sleeve 40 and the bore wall surface
54, and the sleeve 40 and the conical portion 56 of the liner
44 will provide a fluid tight seal to prevent the upward tlow
of fluid, such as cement, past the sleeve 40 from an annulus
62 formed between the casing 50 and the liner 44. To seek
to improve sealing between the sleeve 40 and the bore wall
52, a sealing element or material 33 1s provided on a portion
of the outer surface of the sleeve 40

Reference 1s now made to FIGS. 7 and 8 in which there
1s shown cross-sectional perspective views of alternative
embodiments of an expandable sleeve for use 1n supporting
a liner within a bore. The sleeve 70 illustrated 1n FIG. 7
includes a cylindrical portion 72 formed with a conical
portion 74. As shown, the inner diameter of the comnical
portion 74 decreases 1n a downward direction with respect to
the orientation of the representation, and defines an inner
conical or tapered surface 76. Thus, the sleeve 70 may be
used to support a liner having a portion defining a corre-
sponding tapered surface. The slope or angle B of the
tapered surface 1s, 1n a preferred embodiment, less then 16°,
and advantageously between 3 to 8°. The outer surface 78 of
the sleeve 70 1s textured to improve the grip between the
sleeve and a bore wall surface when the sleeve 1s expanded
into engagement therewith. In the embodiment shown, the
outer surface 78 1s embedded with diamond or carbide
particles or buttons 79.

The sleeve 70 may be used 1n the method as described
with reference to and as shown in FIGS. 3 to 6. Additionally,
the conical portion 74 alone may be used in the method of
FIGS. 1 and 2.

In the alternative embodiment shown in FIG. 8, the sleeve
80 includes an upper cylindrical portion 82 and a lower 1inner
concave portion 84 which defines an 1nner concave surface
86. The mner diameter of the lower concave portion 84
generally decreases 1n a downwards direction with respect to
the orientation of the representation. The sleeve 80 of FIG.
8 1s thus adapted for use with a liner having an outer convex
surface portion which complements the inner concave sur-
face 86 of the sleeve 80. Similar to the sleeve 70 of FIG. 7,
the outer surface 88 of sleeve 80 1s embedded with diamond
or carbide particles or buttons 89 to improve the grip against
a bore wall surface when expanded into contact therewith.

The sleeve 80 may be used in the method as described
with reference to and as shown in FIGS. 3 to 6. Additionally,
the lower 1nner concave portion 84 alone may be used 1n the
method of FIGS. 1 and 2.

A preferred feature of the present invention will now be
described with reference to FIG. 9 of the drawings 1n which
there 1s shown a liner string 100 and an expandable sleeve
102 located 1n a cased bore 104. The liner 100 1ncludes a
conical portion 106 which defines an outer tapered support
surface 108, and the sleeve 102 defines an inner conical
support surface 110, such that the liner 100 may be sup-
ported by the sleeve 102 by engagement of the support
surfaces 108, 110. Once the liner 100 1s supported by the
sleeve 102, as shown, for example, in the embodiments of
FIGS. 2 and 6, the liner 100 1s adapted to be lifted from the

sleeve 102 to disengage the support surfaces 108, 110 to
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create a flow passage 112 between the sleeve 102 and the
conical portion 106 of the liner 100. The flow passage 112
allows fluid contained within an annulus 114 below the
sleeve 102 to flow past the sleeve 1n the direction of arrows
C. This feature 1s particularly advantageous, for example, 1n
cementing operations where cement 1s flowed downwards
through the liner 100 and into the annulus 114. In most
cases, drilling fluid and the like will imitially be contained
within the annulus 114 and the flow passage 112 thus
provides a means for this fluid to be displaced upon injection
of cement. Once cement 1s injected 1nto the annulus 114, the
liner 100 1s adapted to be reciprocated 1n longitudinal and
rotary directions, as represented by arrows D and E respec-
tively, 1n order to assist in circulating and evenly distributing
the cement within the annulus 114.

It should be understood that the various embodiments of
aspects of the present mnvention described and shown herein
may be modified without departing from the scope of the
invention. For example, any complementary shape or con-
figuration of the expandable sleeve and the liner may be
utilised as would be selected by a person of skill in the art.
Additionally, 1n the embodiment shown 1n FIGS. 1 and 2, the
piston assembly 24 may be connected to the sleeve by any
suitable number of straps 26. Furthermore, the piston assem-
bly 24 may be located below the sleeve 22 and thus push the
sleeve towards the conical portion 16 of the liner. In the
embodiment shown 1n FIGS. 3 to 6, mitial expansion of the
sleeve may be achieved by any suitable expansion tool or
process, and should not be limited to roller expansion.

The expandable sleeve may be located at the required
depth within the bore and prevented from travelling further
into the bore by engagement with a no-go or an internal
profile located within the bore on the bore wall surface.

The mvention claimed 1s:

1. A method of supporting a tubular within a bore, said
method comprising the steps of:

providing a tubular defining a first support surface;

providing an expandable sleeve adapted to be peripherally

located around said tubular, said expandable sleeve
defining a second support surface, wherein the inner
diameter described by the second support surface
decreases 1n a direction corresponding to a downward
direction with respect to a bore 1n which the expandable
sleeve 1s to be located;

locating said tubular and expandable sleeve within a bore;

plastically expanding at least a portion of said sleeve into

engagement with the bore by interaction between the
support surfaces, wherein an annular gap exists
between the at least a portion of said sleeve and the
bore prior to the expanding; and

at least partially supporting the tubular by way of engage-

ment of the first and second support surfaces.

2. A method of supporting a tubular within a bore com-
prising;:

providing a tubular defining a first support surtace;

providing an expandable sleeve adapted to be peripherally

located around said tubular, said expandable sleeve
defining a second support surface;

locating said tubular and expandable sleeve within a bore,

wherein the expandable sleeve 1s located within the
bore and at least partially expanded 1n place before the
tubular 1s located within the bores;

plastically expanding at least a portion of said sleeve into

engagement with the bore by interaction between the
support surfaces, wherein an annular gap exists
between the at least a portion of said sleeve and the
bore prior to the expanding; and
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at least partially supporting the tubular by way of engage-

ment of the first and second support surfaces.
3. A method of supporting a tubular within a bore accord-
ing to claim 1, wherein the expandable sleeve and the
tubular are located within the bore simultaneously.
4. A method of supporting a tubular within a bore com-
prising;
providing a tubular defining a first support surface;
providing an expandable sleeve adapted to be peripherally
located around said tubular, said expandable sleeve
defining a second support surface, wherein at least a
portion of the sleeve 1s mitially expanded 1nto engage-
ment with the wall surface of the bore in which the
tubular 1s to be supported by an expansion tool;

locating said tubular and expandable sleeve within a bore;

plastically expanding at least a portion of said sleeve into
engagement with the bore by interaction between the
support surfaces, wherein an annular gap exists
between the at least a portion of said sleeve and the
bore prior to the expanding; and

at least partially supporting the tubular by way of engage-

ment of the first and second support surfaces.

5. A method of supporting a tubular within a bore accord-
ing to claim 4, wherein the expansion tool 1s a roller
expansion tool.

6. A method of supporting a tubular within a bore accord-
ing to claim 4, wherein the expansion tool 1s an expansion
cone.

7. A method of supporting a tubular within a bore accord-
ing to claim 4, wherein the expandable sleeve 1s run 1nto the
bore on the expansion tool, and at least partially expanded
into contact with the bore wall using the expansion tool to
provide mitial hanging support at the required depth.

8. A method of supporting a tubular within a bore accord-
ing to claim 7, said method further comprising the step of
running the tubular into the bore until the first support
surface of the tubular engages the second support surface of
the sleeve.

9. A method of supporting a tubular within a bore accord-
ing to claim 8, said method further comprising the step of
applying weight to the tubular to further expand the sleeve
by interaction of the first and second support surfaces.

10. A method of supporting a tubular within a bore
according to claim 1, said method further comprising the
step of locating the expandable sleeve peripherally around
the tubular 1n the region of the first support surface.

11. A method of supporting a tubular within a bore
according to claim 10, wherein the sleeve 1s initially located
below the first support surface of the tubular.

12. A method of supporting a tubular within a bore
according to claim 10, said method further comprising the
step of running the tubular and the expandable sleeve into
the required bore together until the expandable sleeve 1s
located at the required depth.

13. A method of supporting a tubular within a bore
according to claim 12, said method further comprising the
step of mitiating relative axial movement of the tubular and
expandable sleeve to cause engagement of the first and
second support surface.

14. A method of supporting a tubular within a bore
according to claim 13, wherein said engagement results 1n
expansion of at least a portion of the sleeve mto contact with
the wall surface of the bore, providing support for the
tubular via the first and second support surfaces.

15. A method of supporting a tubular within a bore
according to claim 13, wherein the first support surface of
the sleeve 1s restrained from movement while the expand-
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able sleeve and thus the second support surface 1s forced into
engagement with the first support surface to 1nitiate expan-
sion of the sleeve.

16. A method of supporting a tubular within a bore
according to claim 13, wherein the expandable sleeve 1s held
stationary while the first support surface 1s forced into
engagement with the second support surface of the sleeve.

17. A method of supporting a tubular within a bore
according to claim 16, wherein the sleeve 1s held stationary
by a profile located on the inner wall surface of the bore,
against which profile the sleeve abuts.

18. A method of supporting a tubular within a bore
according to claim 16, wherein the sleeve 1s held stationary
by fixing means associated with the tubular.

19. A method of supporting a tubular within a bore
according to claim 13, wherein relative movement of the
expandable sleeve and the tubular 1s achueved by an actua-
tion assembly.

20. A method of supporting a tubular within a bore
according to claim 19, wherein the actuation assembly 1s a
piston assembly activated by tluid pressure.

21. A method of supporting a tubular within a bore
according to claim 19, wherein the actuation assembly 1s a
screw assembly.

22. A method of supporting a tubular within a bore
according to claim 19, wherein the actuation assembly 1s
located below the expandable sleeve and activated to push
the sleeve towards the first support surface.

23. A method of supporting a tubular within a bore
according to claim 19, wherein the actuation assembly 1s
located above the expandable sleeve and the first support
surface of the tubular and activated to pull the sleeve
towards the first support surface.

24. A method of supporting a tubular within a bore
according to claim 19, wherein the at least one actuation
assembly 1s coupled to the expandable sleeve by at least one
strap or the like.

25. A method of supporting a tubular within a bore
according to claim 24, wherein the first support surface
includes at least one respective channel or recess to accom-
modate said at least one strap.

26. A method of supporting a tubular within a bore
according to claim 25, wherein the method comprises the
steps of:

locating the expandable sleeve and tubular within a bore

at the required depth;

restraining said tubular from movement and activating the

actuation assembly to pull the sleeve, and thus the
second support surface, towards the first support sur-
face of the tubular via at least one connecting strap,
thus mitiating radial expansion of the sleeve nto
engagement with the bore wall by engagement of the
first and second support surfaces to provide initial
hanging support;

imparting weight on the tubular to mitiate turther radial

expansion ol the sleeve to increase the grip force
between the sleeve and the bore wall; and

exerting an increasing force on the sleeve by the actuation

assembly to ensure suflicient expansion of the sleeve to
provide support for the tubular via the complementary
first and second support surfaces.

27. A method of supporting a tubular within a bore
according to claim 26, wherein the method further com-
prises the step of inducing tensile failure of the at least one
strap to ensure suflicient expansion has been achieved.

28. A method of supporting a tubular within a bore
according to claim 1, wherein the first and second support
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surfaces of the tubular and sleeve respectively are substan-
tially complementary 1n shape.

29. A method of supporting a tubular within a bore
according to claim 1, wherein the outer diameter described
by the first support surface decreases in a direction corre-
sponding to a downward direction with respect to a bore 1n
which the tubular 1s to be located.

30. A method of supporting a tubular within a bore
according to claim 1, wherein the first support surface of the
tubular defines, at least partially, an outer frusto-conical
surface portion.

31. A method of supporting a tubular within a bore
according to claim 30, wherein the second support surface
defines, at least partially, a complementary inner frusto-
conical surface portion adapted to be mated with the outer
frusto-conical surface portion of the first support surface
upon engagement therewith.

32. A method of supporting a tubular within a bore
according to claim 31, wherein the taper of the surface
portions 1s preferably less than around 16° from a plane
substantially parallel to the longitudinal axis of the tubular.

33. A method of supporting a tubular within a bore
according to claim 32, wherein the taper of the surface
portions 1s between 3 to 8°.

34. A method of supporting a tubular within a bore
according to claim 1, wherein the first support surface of the
tubular defines, at least partially, an outer convex surface
portion.

35. A method of supporting a tubular within a bore
according to claim 34, wherein the second support surface
defines, at least partially, a complementary inner concave
portion adapted to be mated with the outer convex portion of
the first support member upon engagement therewith.

36. A method of supporting a tubular within a bore
according to claim 1, wherein the expandable sleeve
includes a substantially cylindrical portion.

37. A method of supporting a tubular within a bore
comprising:

providing a tubular defining a first support surface;

providing an expandable sleeve adapted to be peripherally

located around said tubular, said expandable sleeve
defining a second support surface, wherein the expand-
able sleeve includes a substantially cylindrical portion
that 1s adapted to be at least partially expanded into
engagement with a bore wall surface to provide 1nitial
hanging support before the remainder of the expand-
able sleeve 1s expanded 1nto contact with the bore wall;
locating said tubular and expandable sleeve within a bore;

plastically expanding at least a portion of said sleeve into
engagement with the bore by interaction between the
support surfaces, wherein an annular gap exists
between the at least a portion of said sleeve and the
bore prior to the expanding; and

at least partially supporting the tubular by way of engage-
ment of the first and second support surfaces.

38. A method of supporting a tubular within a bore
according to claim 36, wherein the cylindrical portion 1s
located above the second support surface of the sleeve.

39. A method of supporting a tubular within a bore
according to claim 36, wherein the cylindrical portion of the
expandable sleeve 1s located below the second support
surface.

40. A method of supporting a tubular within a bore
according to claim 1, wherein at least a portion of an outer
surface of the expandable sleeve 1s adapted to increase the
friction and thus grip between the sleeve and the bore wall.

41. A method of supporting a tubular within a bore
according to claim 40, wherein the outer surface of the
sleeve 1s textured.
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42. A method of supporting a tubular within a bore
according to claim 40, wherein the outer surface of the
sleeve includes particles embedded therein.
43. A method of supporting a tubular within a bore
according to claim 42, wherein the particles are carbide
buttons embedded within the outer surface of the sleeve.
44. A method of supporting a tubular within a bore
according to claim 1, wherein, once the expandable sleeve 1s
expanded and set 1n place within the bore, and the first and
second support surfaces are in engagement such that the
tubular 1s supported by the sleeve, suflicient sealing 1s
provided between the outer surface of the sleeve and the
bore wall, and between the first and second support surfaces
to prevent the passage of any tluids past the sleeve from an
annulus formed between the tubular and the bore.
45. A method of supporting a tubular within a bore
according to claim 1, further comprising sealing between the
sleeve and the bore wall by providing a sealing material on
at least a portion of the outer surface of the sleeve.
46. A method of supporting a tubular within a bore
according to claim 1, wherein the first support surface is
integrally formed with the tubular.
47. A method of supporting a tubular within a bore
according to claim 1, wherein the first support surface is
provided on a separate component which 1s subsequently
coupled to the tubular.
48. A method of supporting a tubular within a bore,
comprising;
providing a tubular defining a first support surface,
wherein the tubular to be supported within the bore 1s
a string of liner tubing;

providing an expandable sleeve adapted to be peripherally
located around said tubular, said expandable sleeve
defining a second support surface;

locating said tubular and expandable sleeve within a bore;

plastically expanding at least a portion of said sleeve into

engagement with the bore by interaction between the
support surfaces, wherein an annular gap exists
between the at least a portion of said sleeve and the
bore prior to the expanding; and

at least partially supporting the tubular by way of engage-

ment of the first and second support surfaces.

49. A method of supporting a tubular within a bore
according to claim 1, wherein the method further includes
the step of lifting the tubular from the sleeve to disengage
the first and second support surfaces, thus creating a flow
passage past the sleeve from an annulus defined between the
tubular and the bore wall.

50. A method of supporting a tubular within a bore
according to claim 1, wherein the method further includes
the step of lifting the tubular from the sleeve and recipro-
cating the tubular 1n a longitudinal and rotational direction
to assist 1 evenly distributing a fluud within an annulus
formed between the tubular and the bore wall.

51. A method of supporting a tubular within a bore
according to claim 1, wherein the engagement between the
first and second support surfaces of the tubular and sleeve
respectively 1s non-permanent.

52. A method of supporting a tubular within a bore, said
method comprising the steps of:

providing a tubular defining an outer support surface;

providing an expandable sleeve defimng an inner support
surface;

running said expandable sleeve 1into a bore to a first depth
and expanding a portion of said sleeve into contact with
the bore;

running said tubular into the bore;

engaging the outer support surface of the tubular with the
iner support surface of the expandable sleeve;
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applying weight to the tubular upon engagement of the supporting the tubular by engagement of the outer and
outer and inner support surfaces to eflect expansion of inner support surfaces.

a previously unexpanded section of the sleeve by
interaction of the outer and inner support surfaces; and * ok k% ok
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